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(57) Abstract: The invention relates to a device 
and methods for the characterisation of a flowing 
substance, liquid or gas. Particular embodiments 
of the invention relates to the use of the device 
for the identification of a flowing substance, 
for controlling the flow of a fuel or combustion 
gas to deliver a controlled heat of combustion 
and for measuring the heat capacity of a gas. 
Further embodiments of the invention relate to 
a flow control device for controlling the flow 
rate of a flowing substance and a method for 
the combustion of a fuel or combustion gas. 
The device for the characterisation of a flowing 
substance comprises: a transport duct on which 
is mounted a heating or a cooling element; a 
temperature difference sensor comprising a 
first temperature measurement cell downstream 
of the heating or cooling element and means 
to determine a temperature difference in the 
flowing substance upstream and downstream 
of the heating or cooling element; flow control 
means comprising flow measurement means for 
measuring a mass flow characteristic and flow 
correction means for correcting for measured 
mass flow variations; and evaluation means 
for evaluating a characterising feature of the 
flowing substance comprising a function relating 
temperature differences measured on one or 
more calibration substances to one or more 
characterising features of the flowing substance. The device is relatively simple and cheap and gives a quick but accurate and 
reliable characterisation of a flowing substance, gas or liquid, that can be used in a flow control device to control the flow rate of 
unknown substances. 
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METHOD AND DEVICE FOR DETERMINING A CHARACTERISTIC VALUE THAT IS REPRESENTATIVE 
OF THE CONDITION OF A GAS 



5 BACKGROUND OF THE INVENTION 

The invention relates to a device and methods for the characterisation of a flowing 
substance. Particular embodiments of the invention relate to the use of the device for the 
identification of a flowing substance, for controlling the flow of a fuel or combustion gas to 
10 deliver a controlled heat of combustion and for measuring the heat capacity of a gas. 
Further embodiments of the invention relate to a flow control device for controlling the 
flow rate of a flowing substance and a method for the combustion of a fuel or combustion 
gas. 

15 Flow control devices are used to deliver a controlled amount of a flowing substance. This 
works well in most situations, where the nature of a flowing substance is known and 
substantially constant in composition over time. However, there are also situations where 
the nature of the flowing substance is not known and can vary in time. Such a situation 
occurs for example in natural gas distribution networks where different suppliers pump 

20 natural gas of different origin and/or composition into the network to various customers. 
The gas supplied to the customers can vary over time in composition and heat of 
combustion. The flow of the gas changes in an unknown way because of changes in the 
viscosity, the density or heat capacity of the various different gasses. In such a situation, 
most flow control devices, like thermal flow controllers, cannot deliver an accurately 

25 controlled mass flow. Because of these unknown changes in the mass flow and heat of 
combustion, problems can occur like the incomplete combustion of the gas, a too low 
energy recovery and emission problems. 

Another example of such a situation, and a new application of the invention as described 
30 hereafter, is the distribution of fuels for engines. For optimum engine performance and fuel 
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economy it is desirable that the flow control is able to deal with varying and/or unknown 
fuel types and compositions. This will become more and more relevant in view of the 
increasing desire to further optimise fuel economy, to minimise damaging exhaust gasses 
and in view of the expected increasing diversification in fuels. Hence, there is a desire for a 
5 device for the characterisation of the flowing substance. 

Direct and accurate measurement of combustion energy is achieved by actually combusting 
the gas and measuring the heat. Well known devices for the combustionless 
characterisation of flowing substances, like chromatography or spectrometry, are accurate 
10 but have the disadvantages that they are difficult to integrate in-line, that the response time 
for characterisation of the substance is still too long for accurate control of the flow and that 
the devices are too expensive and too big for many applications. 

DE 41 18 781 describes a device for the characterisation of a gas, in particular for the 
15 determination of the Wobbe number and/or heat of combustion of a gas, comprising a 
pressure control, a lamellar pressure resistance for isothermal expansion of the gas and a 
mass and a volume flow rate measurement unit. It is described that the gas cools a heating 
wire with constant over-temperature and the heating power supplied is used as a measure 
for the mass flow. Apart from that, the volume flow rate is measured. Further, in the device 
20 the gas is expanded isothermally over a flow resistance with laminar flow giving rise to a 
pressure drop. The pressure drop over the flow resistance, the mass and the volume flow 
measurement unit is measured, which correlates approximately with the density of the gas. 
The Wobbe number and/or the heat of combustion are evaluated from the measured mass 
flow, volume flow and pressure drop by substituting the values in an empirical fit-formula, 
25 in which the constants are determined by calibration. 

EP-A-0469649 describes a calorimeter in which a laminar flow type flow meter for 
measuring volume flow is put in series with a thermal type flow meter as described above 
for measuring a mass flow, in which the gas flow is controlled by controlling a constant 
30 temperature difference over the sensor and the caloric value of the fuel gas is evaluated 
from the pressure difference over the volume flow meter. Because this calorimeter requires 
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two flow meters it is rather complex, expensive and bulky. Further, the accuracy and 
reliability are insufficient. 

FR 2818746 describes a process for the evaluation of a Wobbe parameter wherein a 
5 combustion gas is compressed and subsequently expanded and wherein on expansion the 
flow, pressure and temperature characteristics are measured and wherein a reference gas is 
similarly measured for determining reference values for accurately evaluating the Wobbe 
index from an empirical fit formula. 

10 Similarly, in EP-A-0715169 the pressure of a defined volume of gas is raised to a defined 
pressure level and after that relaxed to the original state, during which relaxation the 
density and/or the viscosity values are determined, which are input to an empirical fit 
formula for evaluating the caloric value and/or Wobbe index. 

15 WO 93/08457 and EP 0554095 describe an improved apparatus and methods to derive from 
multiple measured characteristics of a fuel gas the desired fuel characteristic like for 
example a Wobbe index. 

The problem of the described devices is that they are all relatively complex, expensive and 
20 bulky. In particular, it is a disadvantage that the devices are deigned only for the evaluation 
of heat of combustion of a fuel gas. More importantly, the devices are often too inaccurate 
and lack reproducibility for more demanding applications. 

SUMMARY OF THE INVENTION 

25 

There is a desire for a relatively simple, cheap and compact device and a method for a 
quick but accurate and reliable characterisation of a flowing substance, gas or liquid, that 
can be used in a flow control device to control the flow rate of an unknown substance. The 
problem and object of the invention is to provide such a device and method. 
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This problem is solved according to the invention by a device for the characterisation of a 
flowing substance comprising: 



— a transport duct on whic h is mounted a heating or a cooling element, 

— a temperature difference sensor comprising a first temperature measurement cell 
downstream of the heating or cooling element and means to determine a 
temperature difference in the flowing substance upstream and downstream of the 
heating or cooling element, 

— flow control me ans comprising flow measurement means for measuring a mass flow 
characteristic and flow correction means for correcting for measured mass flow 
variations, and 

— evaluation means for evaluating a characterising feature of the flowing substance 
comprising a function relating temperature differences measured on one or more 
calibration substances to one or more characterising features of the flowing 
substance. 



The invention also provides a method for the characterisation of a flowing substance that is 
relatively simple but accurate. This method comprises the steps of: 

— locall y heating or cooling the substance flowing through a transport duct, 
thus creating a temperature difference in the flowing substance upstream and 
downstream of the heating or cooling element, 

— determining the temperature difference, 

— controlling the flow by measuring a mass flow characteristic and correcting 
the flow for measured mass flow variations, and 

— comparing the measured temperature difference with corresponding 
temperature differences measured on calibration substances for evaluating a 
characterising feature of the flowing substance. 
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It was found that, in the device and method according to the invention, a very accurate and 
reproducible temperature difference measurement is obtained and that hence a reliable 
characterisation can be done. 

It is noted that in many publications the term mass flow is inappropriately used. For 
example in DE 41 18 781 the heating power of the heating element is proportional with the 
mass flow but also depends on many other factors and cannot be used directly to. 
characterise and control the mass flow of an unknown substance. In the present application 
mass flow characteristic means, as described in more detail hereafter, a characteristic 
relating directly to the real mass flow of the unknown flowing substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following is a description of certain embodiments of the invention given by way of 
example only and with reference to the appended drawings, in which: 

FIG.l is a schematic block diagram of one embodiment of the device according to 
invention including measurement of the pressure difference over the sensor; and 
FIG.2 is a schematic block diagram of another embodiment of the device according to 
invention including a Coriolis sensor. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The flowing substance is forced to flow through a transport duct (30) on which is mounted 
a heating or a cooling element (40). The stream before that element is referred to as 
upstream (indicated I in Figure 1 and 2), the stream after the element is referred to as 
downstream (indicated II in Figure 1 and 2). In Figure 1 and 2 the flow is forced through 
the transport duct by a restrictor (142), which can be solid semi-permeable or variable. The 
heating or cooling element locally heats or cools the substance flowing through a transport 
duct with an accurately constant amount of heat creating a temperature difference in the 
flowing substance upstream and downstream of the heating or cooling element. The 
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temperature difference sensor (50) comprises a first temperature measurement cell (51) 
downstream of the heating or cooling element. A single downstream measurement cell can 
be used if the temperature upstream is known from another source and available to the 
means (52) to determine a temperature difference in the flowing substance upstream and 
5 downstream of the heating or cooling element. For accuracy reasons, a second upstream 
measurement cell (53) is preferred to measure the actual temperature difference. Although 
in principle good results can be obtained with a cooling element, for example a Peltier 
element, a heating element is preferred because a cooling element has the risk that gas can 
condensate on the element. A heating element is more accurate and less expensive^ In 
10 applications where the flowing medium is a liquid having a boiling point near the 
measurement temperature, a risk may exists that on heating a phase transition to gas exists. 
In such cases a Peltier element is preferred. 

Devices comprising a heating element and a temperature difference sensor comprising an 
15 upstream and downstream temperature measurement cell are known and used as flow 
controllers, in particular gas flow controllers. Such gas flow controllers are commercially 
available from Emerson Process Management, Brooks Instrument Division ®. The 
measured temperature difference is proportional to the amount of gas flowing through the 
sensor and can be used to measure and control the flow. 



If, in a given temperature difference measurement sensor, the flow rate of the flowing 
substance is too high or too low, the accuracy of the temperature difference measurement is 
too low. Therefore, the device according to the invention preferably also comprises a flow 
rate means for adjusting flow through the transport duct in a detection range of the 
25 temperature difference sensor. The flow rate means can be a valve upstream of the sensor 
(93) or a variable restrictor (142) in or bridged by the transport duct or a combination of a 
valve and a restrictor. 



20 



30 



The device comprises flow control means comprising flow measurement means (61) for 
measuring a mass flow characteristic and flow correction means (62) for correcting for 
measured mass flow variations. The inventors have found that this particular flow control 
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means correcting for real mass flow variations assure an accurate and reproducible 
temperature difference measurement. The high accuracy and reproducibility assures that the 
device is capable of identifying substances even if they are very similar and have very close 
heat capacity. 

The flow measurement means (61) can determine the mass flow characteristic directly, by 
special separate mass flow measurement devices as described below in more detail, or 
indirectly by measuring the pressure difference over the sensor, preferably at known 
absolute pressure and temperature. It should be noted that sometimes flow meters or 
controllers are called mass flow meters/controllers whereas they actually measure/control 
only volume flow or even just an approximation of the volume flow. The inventors found 
that using the volume flow control is inadequate for characterising and identification of a 
flowing medium and gives unreliable results. 

Flow correction means (62) can be physical or mathematical. Physical flow correction 
involves a pressure difference control maintaining a substantially constant pressure 
difference. Mathematical flow correction involves correcting the measured temperature 
difference for the influence of measured variations in the mass flow. 

The evaluation means (70), for example a computer, use the temperature difference 
measurement for evaluating a characterising feature of the flowing substance. The 
evaluation means comprise a function, for example a data-base, a calibration equation or 
the test of a condition, relating temperature differences measured in defined standard 
conditions on one or more calibration substances to one or more characterising features of 
the flowing substance. The evaluation means (70) return the characterising feature as output 
of the device to the user or to another device. Characterisation of the flowing substance is 
broadly defined. Depending on the particular application of the device characterisation can 
be a quantitative measurement of the heat capacity of the substance, the qualitative 
identification of the substance, ancillary known information of the identified substance or 
an empirically derived output signal for example for controlling another device. 



WO 2004/036209 ^^PCT/EP2003/01 1565 

The function can be a data-base that can be used as a look up table to primarily identify the 
calibration substance with the best corresponding temperature difference and subsequently 
return as output one or more characterising features of that calibration substance listed in 
the database. The database can comprise many different characterising features. It can 
comprise substance features, for example the heat capacity, the heat of combustion in case 
of fuels or natural gasses, but also derived features like the name of the substance, the 
composition of the substance, set-parameters for controlling another device, an address of 
the supplier of the substance etc. 

The function can also be a calibration equation relating the measured temperature 
difference to a characterising feature. The equation comprises constants determined by 
measuring the temperature difference on a number of different calibration substances and 
fitting the results to the known characterising features of the calibration substances. This 
characterisation directly evaluates a property of the substance without identifying the 
substance first. The calibration equation can for example relate the measured temperature 
difference to the specific heat capacity, the Wobbe number of the substance. 

The evaluation means can also be used to derive information not directly related to the 
nature of the substance. In case of changing compositions of known components the 
evaluation means can evaluate the composition parameters. In application to control 
burners or engines the resulting output of the evaluation means can be, instead of the heat 
of combustion or Wobbe number of the gas* just the optimal control set-parameter of a 
burner or engine. The function is can than be determined quasi empirical by testing 
optimum performance of the burner for a number of different gasses. 

The function can also be the evaluation of a condition, for example comparing the 
measured temperature difference with a threshold value and returning by the evaluation, 
means a yes or no or an action based on that result. 



The function can also be a combination of the aforementioned functions. For example, the 
evaluation means can determine the heat of combustion by identifying the substance and 
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returning the heat of combustion of the substance. In case the evaluation means cannot give 
an unambiguous positive identification, the calibration function, can give an estimate 
instead. 

The function is defined at known standard measurement conditions in order to get a 
meaningful evaluation of a characterising feature from a temperature difference measured 
on an unknown flowing medium. Similarly the calibration substances are measured at 
standard measurement conditions. Standard measurement conditions are primarily the 
absolute measurement temperature and pressure. To know the real temperature difference 
characteristic for the substances, the signal from the temperature measurement cells (53 and 
51) should further be calibrated with known substances for the particular apparatus and 
chosen pressure difference over the temperature difference sensor;. The measurement of 
unknown substances does not necessarily have to be performed at standard conditions if the 
temperature and pressure are known or sufficiently constant to allow for mathematical 
correction as explained below. 

The flowing substance (20) can in principle be any substance capable of flowing through 
the transport duct of the sensor, for example a gas, a liquid, an emulsion or dispersion. The 
preferred mode of construction of the device differs depending on whether the flowing 
substance is a liquid or a gas. 

In a first embodiment of the device, the flow measurement means (61) comprise a pressure 
measurement cell (90) for measuring a pressure difference over the temperature difference 
sensor (50) and the flow correction means (62) comprise pressure difference control means 
(91) for maintaining a substantially constant pressure difference over the temperature 
difference sensor, for example by operating a valve upstream (93) or downstream of the 
temperature difference sensor (see Figure 1). It was found that very accurate and 
reproducible temperature difference measurements are obtained when the pressure 
difference over the sensor is maintained substantially constant. 
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A single pressure measurement cell upstream or downstream of the sensor can in principle 
be used if the pressure at the other end is known from another source such that the pressure 
difference in the flowing substance upstream and downstream of the heating or cooling 
element can be determined. For an accurate characterisation of the flow through the sensor, 
the pressure should be known directly before and after the temperature difference sensor 
and hence preferably is measured as close as possible to the sensor. Therefore, a second 
pressure measurement cell measurement cell (92) is preferred to measure the actual 
pressure difference. The first and second pressure cell can also be integrated in a single 
pressure difference measurement cell. 



In another embodiment the invention the flow measurement means (61) comprise a 
pressure measurement cell (90) for measuring a pressure difference over the temperature 
difference sensor (50) and the flow correction means (62) comprise computing means for 
mathematically correcting the measured temperature difference for a measured pressure 

15 difference variation. The mathematical correction by the flow correction means can be a 
multiplication of the measured temperature difference by the ratio of the measured pressure 
difference and the standard pressure difference, that is the pressure difference used for 
measuring the calibration substances. In view of the accuracy of the temperature difference 
measurement, the mathematical correction is preferably performed on the basis of a 

20 calibration function relating the pressure difference over the sensor to the measured 
temperature difference. Preferably, the absolute temperature and absolute pressure are 
substantially the same as in the calibration measurements. 

In another embodiment the flow measurement means (61) comprise a mass flow sensor 
25 (110) measuring the mass flow through the temperature difference sensor (50) and the flow 
correction means (62) comprise mass flow control means (91) for maintaining a 
substantially constant mass flow through the temperature difference sensor (50). In an 
alternative embodiment (shown in Figure 2), the flow correction means (62) comprises 
computing means (111) for mathematically correcting the measured temperature difference 
30 for a measured mass flow variation. The mathematical correction of the mass flow variation 
with respect to the standard measurement condition is done as described above. 
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Suitable mass flow sensors (110) are, for example, a coriolis-, an ultrasonic or a sonic 
nozzle mass flow sensor. Mass flow sensors directly measure mass flow, irrespective of 
pressure difference variations over the sensor and absolute temperature and pressure 
5 differences. A mass flow sensor allows for more accurate control of the mass flow through 
the sensor and accurate and reproducible temperature difference measurement. This 
embodiment, using Coriolis mass flow measurement, is particularly suitable for 
characterising fluids. A further advantage of using the mass flow sensors described above is 
that they as a result of the same measurement also produce the density of the flowing 
10 medium which can be used as additional information by the evaluation means (70) to 
identify or characterise the flowing medium. The resolution of the identification, that is the 
chance of uniquely identifying an unknown compound in a set of (similar) compounds, 
increases by looking in the calibration substances database for the closest match in both the 
measured temperature difference and the density. 

15 

In an open-ended system, changes in atmospheric pressure can cause significant changes in 
the downstream absolute pressure. Keeping the pressure difference over the sensor 
constant, as in one embodiment of the invention, does not (necessarily) result in a constant 
absolute pressure in the sensor. In case of liquids the effect of absolute pressure deviations 
20 are small. In case the flowing substance is a gas correction is however preferred. To further 
improve the reproducibility, the device according to the invention preferably comprises 
pressure correction means to correct for an absolute pressure variation in the flowing 
substance. 

25 The correction preferably is physical because that gives more accurate results. The 
correction means comprise a pressure control for maintaining a substantially constant 
absolute pressure in the flowing substance, for example by including a valve up- and down 
stream and a separate control for maintaining a substantially constant absolute pressure. 
Mathematical correction can be applied here as well. Mathematical correction of the 

30 absolute temperature or pressure has the advantage that the device is simpler and cheaper. 
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Preferably the device also comprises temperature correction means to correct for an 
absolute temperature variation in the flowing substance. The correction can be physical, for 
example by a thermo stated housing, or mathematical by temperature correction means 
comprising temperature measurement means (121) and calculation means (122) for 
5 mathematical correction of the measured temperature difference over the sensor (50) for a 
measured absolute temperature variation. 

In a preferred embodiment, the flow measurement means (61) comprise a pressure 
measurement cell (90) for measuring a pressure difference over the temperature difference 

10 sensor (50) and the device further comprises temperature correction means to correct for an 
absolute temperature variation in the flowing substance and pressure correction means to 
correct for absolute pressure variations in the flowing substance. The advantage is that this 
device shows a more accurate and very reproducible temperature difference measurement. 
A schematic representation of a preferred embodiment is illustrated in Figure 1, the device 

15 comprises an upstream (92) and a downstream pressure cell (90) of the pressure difference 
measurement, wherein the downstream pressure cell is used also to determine absolute 
downstream pressure for input to the mathematical correction means. The pressure 
difference is input to physical flow control means (62) comprising a pressure difference 
controller operating a valve (93) to maintain substantially constant pressure difference over 

20 the temperature sensor (50). Further, in Figure 1 a temperature measurement means (121) 
determines the absolute downstream temperature for input in calculation means (122) for 
correction of the absolute temperature variations. 

In case the flowing substance is a gas, mathematical correction for deviations in absolute 
25 pressure and temperature from the standard conditions can in a first approximation be 

calculated from a general formula based on the ideal gas behaviour of gasses. The corrected 
temperature difference value (AT CO rr) is obtained by multiplying the measured temperature 
difference (ATmeas) by a correction factor (Q T ) for absolute temperature deviations (T - 
Tstand) and by a correction factor (Q p ) for absolute pressure deviations (P - P stand ). Q T and 
30 Q P are 1 in case the device has physical correction for absolute temperature or pressure. 
ATcorr can be calculated as follows: 
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ATcorr = AT mC as * Qt * Qp 

Wherein: 

5 

Q T = 1 + (T - T st and)/(273 + T s tand) + 0.00286 * (T - T stand ) 
Qp = P s tand/P (Pinmbar) 

10 Preferably, the mathematical correction can be done on the basis of a calibration 
determined by measuring the absolute temperature or pressure dependence of the 
temperature difference measurement on calibration substances that are similar to the 
unknown flowing substances expected. This can be done in a meaningful way for well- 
defined application areas, where the general nature of the flowing substances is known as 

15 for example, in characterising unknown natural gasses. The absolute temperature and 
pressure dependence can be determined on a set of different natural calibration gasses to 
establish the range and average of the corrections factors to be applied. 

Typically, the transport duct (30) is mounted as a by-pass (140) on a main duct (141) in 
20 which a part of the substance flows from the main duct through the transport duct and 
sensor and back into the main duct. To create the flow through the by-pass a restrictor 
element (142) can be integrated in the main duct creating a pressure difference over the 
temperature difference sensor. The restrictor element can for example be a valve, a duct 
element with a smaller cross-section area or a porous substance. 

25 

In a special embodiment the device comprises a switch (160) for switching on and off the 
flow control means. In the on-mode the pressure controller is used according to the 
invention to control a constant pressure difference over the sensor for characterisation of 
the flowing medium. In the off-position, the actual flow rate of the flowing substance 
30 through the transport duct is measured, now using the measured temperature difference 
and/or using the pressure difference over the sensor as a measure for the mass flow. The 
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flow rate can also be controlled to a constant set value (96) by the same pressure controller 
(91) that controls the pressure difference over the sensor by operating valve (93). The 
advantage is that the device is more versatile because it can perform as flow controller and 
for characterising a substance. 

Another preferred embodiment comprises means for intermittently switching the switch to 
the on- and the off position and means to control the flow rate of the flowing substance in 
the off-position of the switch at a level determined by a characterising feature of the 
flowing substance determined in the on-position of the switch. The advantage of this 
intelligent device is that it can control the flow depending on the characterising feature or 
nature of the flowing substance. For example, the device in the on-mode identifies the gas, 
retrieves from the database the heat of combustion of the gas, then determines the flow rate 
required for delivering a constant heat of combustion according to a given preset level This 
device is particularly useful for controlling the flow of a fuel of varying origins and 
compositions to combustion engines or ovens. 

The device according to the invention may be used for the identification of a flowing 
substance, in particular natural gasses, or for controlling the flow of a fuel to deliver a 
controlled heat of combustion, for example to an engine or to a burner, as an analytical 
instrument for the determination of the heat capacity of a flowing substance or, for example 
in environmental protection and control, for the identification of the origin, source or 
supplier of a flowing substance. An engine comprising a device for controlling fuel has the 
advantage of being able to optimally combust the fuel even when the composition varies 
from time to time. The device and method of the invention can be used also to detect air 
pollution. The database can then be adapted to enable identification of the source and 
nature of the pollution. 



A method for the characterisation of a flowing substance may comprise the steps of : 

— L ocally heating or cooling a substance flowing through a transport duct by a heating 
or cooling element, 
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— Determining a temperature difference in the flowing substance upstream and 
downstream of the heating or cooling element, 

— Controlling mass flow of the flowing substance in the transport duct by measuring a 
mass flow characteristic and correcting for measured variations in the mass flow 
characteristic, and 

— comparin g the measured temperature difference with corresponding temperature 
differences measured on calibration substances for evaluating a characterising 
feature of the flowing substance. 

Detailed explanation of preferences and advantages described above for the device 
correspondingly apply where appropriate to the methods described above. 

The method can be carried out in many different embodiments. In one embodiment of the 
method the measured mass flow characteristic is a pressure difference over the heating- or 
cooling element and the measured temperature difference is corrected mathematically for a 
measured pressure difference variation. The advantage of this embodiment is that it is 
simple and cheap to produce, whilst giving sufficiently accurate temperature difference 
measurement and characterisation of the flowing substance for many purposes and 
applications. 

In another embodiment of the method the measured mass flow characteristic is a pressure 
difference over the heating- or cooling element and the mass flow is corrected for a 
measured pressure difference variation to maintain a substantially constant pressure 
difference over the element. The advantage of this embodiment is that the physical 
correction gives more accurate and reproducible temperature difference measurements and 
hence more reliable characterisation of the flowing substance. 



For more critical applications, where a high reproducibility and accuracy of the temperature 
difference measurement is required preferably further correction is made for absolute 
temperature variations and absolute pressure variations in the flowing substance in a way 
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described above. In a preferred embodiment, wherein the measured mass flow 
characteristic is a pressure difference over the heating- or cooling element, the mass flow is 
corrected for the measured pressure difference variation to maintain a substantially constant 
pressure difference over the element and correction is made for absolute temperature 
variations and absolute pressure variations in the flowing substance. 

In a different embodiment of the method the measured mass flow characteristic is the real 
mass flow rate in the transport duct measured with a mass flow sensor and physically 
corrected to maintain a substantially constant mass flow rate. The advantage of this 
embodiment is that the temperature difference measurement is very accurate and 
reproducible. Suitable mass flow sensors and their applications are described above. 

In a more simple and cheaper but still very accurate and reproducible embodiment of the 
method the measured mass flow characteristic is a real mass flow rate in the transport duct 
measured with a mass flow sensor and the measured temperature difference is 
mathematically corrected for a measured mass flow rate variation. 

In the method the flowing substance is identified by retrieving from a database the identity 
of the calibration substance with the best corresponding temperature difference 
measurement. Once the flowing substance is identified the known properties of that 
substance can be returned to the user. In an important application of the method the flowing 
substance is a natural gas and the natural gas is characterised by measuring the temperature 
difference and retrieving from a database or function, relating temperature difference 
measurements of different natural gasses with one or more characterising features of said 
natural gasses, the characterising feature relating to the measured temperature difference 
measurement. For example, in the method the database or function comprises the heat of 
combustion of calibration gasses and the temperature difference measurement is used to 
determine the heat of combustion of the gas. This principle can be used in a method for the 
combustion of a combustion gas wherein the combustion gas is characterised according to 
the method of the invention and mixed with an oxygen containing gas in a mixing ratio 
based on the measured temperature difference. 
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The combustion gas can be natural gas, bio-gas or industrial waste gasses, but also the 
vaporised fuel of combustion engines. 

Thus, the invention has been described by reference to certain embodiments. It will be 
recognised that these embodiments are susceptible to many modifications and alternative 
forms well known to those of skill in the art. Accordingly, although specific embodiments 
have been described, these are examples only and are not limiting on the scope of the 
invention. 
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CLAIMS 



1. Device for the characterisation of a flowing substance (20) comprising: 

— a transport duct (30 ) on which is mounted a heating or a cooling element (40), 

— a temperature difference sensor (50) comprising a first temperature measurement 
cell (51) downstream of the heating or cooling element and means (52) to determine 
a temperature difference in the flowing substance upstream and downstream of the 
heating or cooling element, 

— flow control means comprising flow measurement means (61) for measuring a mass 
flow characteristic and flow correction means (62) for correcting for measured mass 
flow variations, and 

— evaluation means (70) for evaluating a characterising feature of the flowing 
substance comprising a function relating temperature differences measured on one 
or more calibration substances to one or more characterising features of the flowing 
substance. 



2. Device according to claim 1, characterised in that the function is a data-base or a 
calibration equation. 

3. Device according to claims 1 to 2 characterised in that the device also comprises a flow 
rate means for adjusting flow through the transport duct in a detection range of the 
temperature difference sensor. 

4. Device according to claims 1 to 3 characterised in that the flow measurement means 
(61) comprise a pressure measurement cell (90) for measuring a pressure difference 
over the temperature difference sensor (50) and the flow correction means (62) 
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comprise pressure difference control means (91) for maintaining a substantially 
constant pressure difference over the temperature difference sensor. 

5. Device according to claims 1 to 3 characterised in that the flow measurement means 
5. (61) comprise a pressure measurement cell (90) for measuring a pressure difference 

over the temperature difference sensor (50) and the flow correction means (62) 
comprise computing means for mathematically correcting the measured temperature 
difference for a measured pressure difference variation. 

10 6. Device according to claims 1 to 3 characterised in that the flow measurement means 
(61) comprise a mass flow sensor (110) measuring the mass flow through the 
temperature difference sensor (50) and the flow correction means (62) comprise mass 
flow control means (91) for maintaining a substantially constant mass flow through the 
temperature difference sensor (50). 

15 

7. Device according to claims 1 to 3 characterised in that the flow measurement means 
(61) comprise a mass flow sensor (110) measuring the mass flow through the sensor 
(50) and the flow correction means (62) comprise computing means (111) for 
mathematically correcting the measured temperature difference for a measured mass 

20 flow variation. 

8. Device according to claims 6 or 7, characterised in that the mass flow sensor (1 10) is a 
coriolis-, an ultrasonic or a sonic nozzle mass flow sensor. 

25 

9. Device according to claims 1 to 8, characterised in that the device also comprises 
temperature correction means to correct for an absolute temperature variation in the 
flowing substance. 



30 



10. Device according to claim 9, characterised in that the temperature correction means 
comprise temperature measurement means and calculation means (122) for 
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mathematical correction of the measured temperature difference over the sensor (50) for 
a measured absolute temperature variation. 

11. Device according to claims 1 to 10, characterised in that the device also comprises 
pressure correction means to correct for an absolute pressure variation in the flowing 



12. Device according to claim 11, characterised in that the pressure correction means 
comprises a pressure control for maintaining a substantially constant absolute pressure 
in the flowing substance. 

13. Device according to claim 1 to 5, characterised in that the flow measurement means 
(61) comprise a pressure measurement cell (90) for measuring a pressure difference 
over the temperature difference sensor (50) and that the device further comprises 
temperature correction means to correct for an absolute temperature variation in the 
flowing substance and pressure correction means to correct for absolute pressure 
variations in the flowing substance. 

14. Device according to claims 1 to 13 characterised in that the transport duct (30) is 
mounted as a by-pass (140) on a main duct (141) in which a part of the substance flows 
from the main duct through the transport duct and sensor and back into the main duct. 

15. Device according to claims 1 to 14, comprising a switch (160) for switching on and off 
the flow control means, wherein, in the off-position, the device measures a flow rate of 
the flowing substance through the transport duct. 

16. Device according to claim 15, comprising means for intermittently switching the switch 
to the on- and the off position and means to control the flow rate of the flowing 
substance in the off-position of the switch at a level determined by a characterising 
feature of the flowing substance determined in the on-position of the switch. 



substance. 
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17. Use of a device according to claims 1 to 16 for the identification of a flowing substance. 

18. Use of a device according to claims 1 to 16 for controlling the flow of a fuel to deliver a 
controlled heat of combustion. 

19. Use of a device according to claims 1 to 16 for the determination of the heat capacity of 
a flowing substance. 

20. Use of a device according to claims 1 to 16 for the identification of the source or 
supplier of a flowing substance. 

2 1 . Method for the characterisation of a flowing substance comprising the steps of 

— L ocally heating or cooling a substance flowing through a transport duct by a heating 
or cooling element, 

— Determining a temperature difference in the flowing substance upstream and 
downstream of the heating or cooling element, 

— Controlling mass flow of the flowing substance in the transport duct by measuring a 
mass flow characteristic and correcting for measured variations in the mass flow 
characteristic, 

— comparing the measured temperature difference with corresponding temperature 
differences measured on one or more calibration substances for evaluating a 
characterising feature of the flowing substance, andDe conclusie is nu op 
verschillende manieren verruimd tov het eertse idee: 

22. Method according to claim 21 wherein the measured mass flow characteristic is a 
pressure difference over the heating- or cooling element and wherein the mass flow is 
corrected for a measured pressure difference variation to maintain a substantially 
constant pressure difference over the element. 
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23. Method according to claim 21 wherein the measured mass flow characteristic is a 
pressure difference over the heating- or cooling element and wherein the measured 
temperature difference is corrected mathematically for a measured pressure difference 
variation. 

24. Method according to claim 21 wherein the measured mass flow characteristic is a real 
mass flow rate in the transport duct measured with a mass flow sensor and wherein the 
mass flow rate is corrected for a measured mass flow rate variation to maintain a 
substantially constant mass flow rate. 

25. Method according to claim 21 wherein the measured mass flow characteristic is a real 
mass flow rate in the transport duct measured with a mass flow sensor and wherein the 
measured temperature difference is mathematically corrected for a measured mass flow 
rate variation. 

26. Method according to claim 21 wherein the measured mass flow characteristic is a 
pressure difference over the heating- or cooling element and wherein the mass flow rate 
is corrected for the measured pressure difference variation to maintain a substantially 
constant pressure difference over the element and wherein further correction is made for 
absolute temperature variations and absolute pressure variations in the flowing 
substance. 

27. Method according to claims 21-26 wherein the flowing substance is identified by 
retrieving from a database the identity of the calibration substance with the best 
corresponding temperature difference measurement. 

28. Method according to claim 21 to 26 wherein the flowing substance is a natural gas and 
wherein the natural gas is characterised by measuring the temperature difference and 
retrieving from a database or function, relating temperature difference measurements of 
different natural gasses with one or more characterising features of said natural gasses, 
the characterising feature relating to the measured temperature difference measurement. 
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29. Method according to claim 28 wherein the database or function comprises the heat of 
combustion of calibration gasses and the temperature difference measurement is used to 
determine the heat of combustion of the gas. 



30. Method for the combustion of a combustion gas wherein the combustion gas is 
characterised according to method claim 29 and mixed with an oxygen containing gas 
in a mixing ratio based on the measured temperature difference. 
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Re Item V: 



Reference is made to the following documents: 



D1 : EP-A-0 469 649 (OVAL ENG CO LTD ;TOKYO GAS CO LTD (JP)) 5 February 1992 
(1992-02-05) 

D2: WO 93/08457 A (NIAGARA MOHAWK POWER CORP) 29 April 1 993 (1993-04-29) 
D3: FR-A-2 81 8 746 (GAZ DE FRANCE GDF SERVICE NAT) 28 June 2002 (2002-06- 
28) 

D4: DE 41 18 781 A (RMG MESSTECHNIK GMBH) 10 December 1992 (1992-12-10) 
D5: EP-A-0 554 095 (HONEYWELL INC) 4 August 1 993 (1 993-08-04) 
D6: EP-A-0 71 5 1 69 (BRITISH GAS PLC) 5 June 1 996 (1 996-06-05) 
D7: DE 1 01 22 039 A (RUHRGAS AG) 1 4 November 2002 (2002-1 1 -1 4) 

The document D1 is regarded as being the closest prior art to the subject-matter of 
independnet apparatus claim 1 and independent method claim 21 and discloses (the 
references in parentheses applying to this document): 

Device for the characterisation of a flowing substance comprising: 

-transport duct (fig: 5 #81) on which is mounted a heating or a cooling element (Fiq-5 

80(b)) 

-temperature difference sensor comprising a first temperature measurement cell 
downstream of the heating or cooling element and means to determine a temperature 
difference in the flowing substance upstream and downstream of the heating or cooling 
element (Claim 1 lines 44-48) 

-flow control means comprising flow measurement means for measuring a mass flow 
characteristic (Col 5 line 47-57) 

-evaluation means for evaluating a characterising feature of the flowing substance 
comprising a function relating temperature differences (Col 8 line 48-50). 

The subject-matter of claims 1 and 21 therefore differs from this known document D1 in 
that: 



Flow correction means are provided for correcting for measured mass flow variations, and 
provision of evaluation means, relating temperature differences measured on one or more 
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calibration substances to one or more characterising features of the flowing substance. 

The subject-matter of the independnet claim 1 and 21 is therefore novel, and satisfies the 
criteria of Article 33(2) PCT. 

The problem to be solved by the present invention may therefore be regarded as: 

How to provide accurate mass flow measurements during variations in the composition of 
the flowing substance. 

The solution to this problem proposed in claims 1 and 21 of the present application is 
considered as involving an inventive step (Article 33(3) PCT) for the following reasons: 
The DT (differential temperature) sensor (50) of the present application is used only to . 
characterise the gas and have separate flow control to provide accurate mass flow control 
through the transport duct. of the sensor, as opposed to D1 where the differential 
temperature is used to monitor and control the mass flow. 

As neither problem nor solution are considered obvious per se, the present independent 
apparatus claim 1 and corresponding method claim 21 are seen to involve an inventive 
step in the sense of Articlew 33(3) PCT. 

The industrial applicability of the apparatus of claim 1 and the method of claim 21 is 
evident, so that therefore all the requirements of Article 33 PCT are met. 

Dependent claims 2-20 and 22-30 respectively, define further refinements of the new and 
inventive idea underlying independent claims 1 and 21 , and also meet the requirements of 
Article 33 PCT for the same reasons as given above. 
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citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 

The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, 
request this Authority to grant an extension, see Rule 66.2(d). 

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also: For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments andtor arguments, see Rule 66.4 bis. 
For an Informal communication with the examiner, see Rule 66.6. 

If no reply Is filed, the international preliminary examination report will be established on the basis of this opinion. 

The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 18.02.2005 
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WRITTEN OPINION 



International application No. 



PCT/EP 03/11565 



I. Basis of the opinion 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this opinion as "oriqinally 
filed"): 

Description, Pages 

.1-17 as originally filed 

Claims, Numbers 

1 -30 as originally filed 

Drawings, Sheets 

MZ-2JZ as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 and/or 55.3). 

3. With regard to any nucleotide andfor amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This opinion has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

6. Additional observations, if necessary: 
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V. Reasoned statement under Rule 66,2(a)(ii) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1 ,3-7,17,18,20,21 

Inventive step (IS) Claims 2,8-16,19,22-30 

Industrial applicability (IA) Claims 1-30 

2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Reference is made to the following documents: 

D1 : EP-A-0 469 649 (OVAL ENG CO LTD ;TOKYO GAS CO LTD (JP)) 5 February 1992 
(1992-02-05) 

D2: WO 93/08457 A (NIAGARA MOHAWK POWER CORP) 29 April 1 993 (1993-04-29) 
D3: FR-A-2 818 746 (GAZ DE FRANCE GDF SERVICE NAT) 28 June 2002 (2002-06- 
28) 

D4: DE41 18 781 A (RMG MESSTECHNIK GMBH) 10 December 1992 (1992-12-10) 
D5: EP-A-0 554 095 (HONEYWELL INC) 4 August 1 993 (1 993-08-04) 
D6: EP-A-0 71 5 1 69 (BRITISH GAS PLC) 5 June 1 996 (1 996-06-05) 
D7: DE 1 01 22 039 A (RUHRGAS AG) 1 4 November 2002 (2002-1 1 -1 4) 



w 

International application No. PCT/EP 03/1 1 565 



Article 33 PCT: 

The present application does not meet the criteria of Article 33(1) PCT, because the 
subject-matter of claims 1 , 3-7,17,18,20,21 is not new in the sense of Article 33(2) PCT. 

The document D1 discloses (the references in parentheses applying to this document): 

Device for the characterisation of a flowing substance comprising: 

-transport duct (fig: 5 #81) on which is mounted a heating or a cooling element (Fig:5 <jk 
80(b)) 

-temperature difference sensor comprising a first temperature measurement cell ^rvc 
downstream of the heating or cooling element and means to determine a temperature 
difference in the flowing substance upstream and downstream of the heating or cooling 
element (Fig:5 80(c) and 80(d) and Claim 1 lines 44-48) o\A 

-flow control means comprising flow measurement means for measuring a mass flow 
characteristic and flow correction means for correcting for measured mass flow variations 
(Fig^7J*8A and Col 5 line 47-51) 

evaluation means for evaluating a characterising feature of the flowing substance 
comprising a function relating temperature differences measured on one or more 
calibration substances to one or more characterising features of the flowing substance (Col 




{A 



6>A 



Form PCT/Separate Sheet/408 (Sheet 1) (EPO-April 1997) 
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8 line 48-50). 

The same reasoning can be applied with corresponding effect mutatis mutandis to the 
subject-matter of independent claim 21 , therefore rendering this claim also lacking novelty. 

Dependent claims 2-20 and 22-30 respectively do not contain any features which, in 
combination with the features of any claim to which they refer, meet the requirements of 
the PCT in respect of novelty and/or inventive step, see documents D2-D5 and the 
corresponding passages cited in the search report. 



Form PCT/Separate Sheet/408 (Sheet 2) (EPO-Aprll 1997) 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01N33/22 



G01N25/20 G01F1/68 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01N G01F 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, ot the relevant passages 



Relevant to claim No. 



EP 0 469 649 A (OVAL EN6 CO LTD ; TOKYO GAS 
GO LTD (OP)) 5 February 1992 (1992-02-05) 

the whole document 



WO 93 08457 A (NIAGARA MOHAWK POWER CORP) 
29 April 1993 (1993-04-29) 

page 19, line 20 - line 22 
page 35, line 3 - line 18 
page 36, line 10 - line 24 

FR 2 818 746 A (GAZ DE FRANCE GDF SERVICE 
NAT) 28 June 2002 (2002-06-28) 
abstract; figure 1 

-/-- 



1,3-7, 
17,18, 
20,21 

2.8- 16, 
19,22-30 

2.9- 11, 
14-16, 
19,22-30 
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Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



6 Special categories of cited docu ments : 

'A* document defining the general state of the art which Is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing dale 

'I * document which may throw doubts on priority claim (s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O 1 document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



'T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

a X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&* document member of the same patent family 



pate of the actual completion of the international search 



25 March 2004 



Date of mailing of the international search report 



07/04/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patent laan 2 
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Authorized officer 



Joyce, D 
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